Transportation
of inorganic solutes (dissolved solids) by running waters is an important hydrologic process. It is an indicator of the chemical weathering of the earth's outer crust and contains essential information on the quantities of constituents that are continuously being dislodged and removed from the source areas by stream waters.
Although many of the solute materials are also being replenished gradually the natural inputs may not be adequate to replace the losses, especially when such losses have been accelerated by the activities of man. Excessive exports of dissolved solids over prolonged periods can result in marked deterioration in site quality through loss of nutrients. Although acutely conscious of erosion, land managers have seldom considered the harzards of nutrient loss (Cooper, 1969) . Accelerated loss of nutrients from upstream areas can also create problems in lower reaches through enrichment of streams because dissolved solids are the basis of plant growth (Hynes, 1969) .
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Manuscript received July 31, 1975. lands. Amounts of total dissolved solids carried in the flow of the large rivers of the world have been estimated by Living stone ( 1963) . These estimates, however, are for large drainage basins climatically much different from the cool. upland catchment areas reported in this study. Surprisingly, even when the concentration of solutes is minimal, the total yearly transported quantities of dissolved constituents from undisturbed wildlands are large (Singh and Kalra, 1974) .
It is essential to know the yields of dissolved solids from source areas because, apart from their importance mentioned above, the undisturbed forests set a base line for water quality. The present study was undertaken to provide such base lines for two important range and forest types of south- The objective of the study was to determine the amounts of total dissolved solids being drained annually fmm the two watersheds. In addition, a comparison was also made of the yield patterns throughout the year.
Study Areas and Methods

Study Areas
Detailed information on geology, soils, vegetation, and meteorology of the two watersheds has been provided by Stevenson (1967) , Beke (1969) , Kirby and Ogilvie (1969) , and Storr (1970) , respectively. The hydrology of these watersheds has been described by Jeffrey ( 1965) , Singh et al. ( 1969) , and Singh and Kalra (1972) .
The bedrock of Streeter Basin is the Porcupine Hills Formation of early Tertiary age. The formation consists of fine-to coarse-grained, flaggy to massive, crossbedded, argillaceous sandstone. The surficial material is a light brownish-grey to brown, silty to sandy, calcareous, bentonitic till, containing a few scattered limestone and/or granite boulders. The surficial material thickens down valley to approximately 30 m at the base of the basin. The bedrock is actively involved in the storage and conductance of groundwater to different degrees in various parts of the basin.
Marmot watershed is formed of predominantly fine-grained, well-cemented Mesozoic sedimentary rocks of generally low permeability. The bedrock consists of siltstone, shale, interbedded sandstone and shale, coal, cross-bedded sandstone, and conglomerate.
The surficial materials include glacial and post-glacial deposits. Glacial deposits cover the major part of the watershed and consist mainly of a mantle of stony till. The formations from the top of the watershed to the confluence area at the base are Blairmore, Kootenay, Fernie, Spray River, and Rocky Mountain. 
.). Labrador tea (Ledum groenlandicum
Oeder), and dwarf birch (Bet& @zndufosa Michx.). The alpine meadows are dominated by a large number of sedges, grasses, and forbs.
Methods
Samples for determining the concentration of total dissolved solids were taken from the main Marmot Creek and the main Streeter Creek gauging stations. Discharge of the streams was also obtained at the time of sampling. Although sampling was spread over the entire year, the intensity of sampling during the high-flow months was greater than that during the low-flow months. Sampling from Marmot watershed continued over a longer period (May 1963 to December 1971) than for Streeter watershed (luly 1966 (luly to October 1969 . Most of the flow conditions were adequately represented in the sampling scheme for the two watersheds.
The total concentr?tion of dissolved solids was determined by the residue-onevaporation method (Hem, 1970) at the Water Survey of Canada Laboratory in Calgary, Alberta. The drying temperature used was 105°C. The mean and standard deviation of the monthly and annual streamflows were calculated for each watershed.
Linear regression models of the form Y = aY + b, where X is streamflow (litreisec) and Y s the yield of dissolved solids (kg/ day), were fitted to the data by the method of least squares. Goodness of fit and the standard error of coefficient a were also determined (Snedecor, 1956 ). The models thus established were used for estimating the amounts of dissolved solids being drained from the two watersheds on a mean daily basis in varous months and years. The mean and standard deviation of the estimated amounts were also determined.
ReSUltS
The physical characteristics of the two watersheds and the estimates of the model parameters based on 371 sam pies for Marmot and 99 samples for Streeter are given in Table 1 . The mean Streamflow in Marmot for each month is shown in Table 2 and for Streeter in Table 3 .
The mean daily exports of the dissolved solids for the two watersheds as estimated from the models are pisated inTables4and5.
Themeandaily stt'eamflow and the export of total dissolved solids on an annual basis are given in Table 6 .
The mean estimated yield of dissolved solids was the highest during June in each watershed: 1,457 kg/day from the aspen-grassland watershed compared to 7,504 kg/day from the precipitation area typical of spruce-fir vegetation (Table 1) in comparison to the low precipitation area represented by the aspen-grassland vegetation in Streeter watershed. Because of more rain there is more frequent flushing and leaching of dissolved materials from Marmot.
The concentration of dissolved solids in Streeter waters is higher (Table  1) although the total amount of materials exported is lower than in Marmot (Table 6 ). The higher temperatures in Streeter (which is located at a lower elevation than Marmot) account for greater solubility of weathered products which remain in substrata longer due to less frequent and lower rainfall. The sampled concentration of solutes in Streeter averaged 270 mg/litre as compared to 170 mg/litre for Marmot. The total dissolved solids in the river waters representing approximately 90% of the total streamflow in the United States have a median value of 169 mg/litre (Environmental Protection Agency, 1973) .
Quantitative and qualitative differences exist in the nutrient requiremets, decomposer microorganisms, and nutrient cycling of plants. Among trees, perhaps the most outstanding examples of such differences are between deciduous and conifer species (Voight, 1968) . The difference in concentration of solutes in the two watersheds suggests that large amounts of mineral nutrients remain tied up in the thick litter layer usually found under the cool spruce-fir forests.
The concentration of dissolved solids in each watershed is higher in winter than in the rest of the year. This is primarily due to the presence or absence of dilution effects as reported previously by Singh and Kalra (1972) : Similar dilution effects have been observed and studied by, among others, Keller (1970) and Hall (1970 Hall ( ), 1971 .
The variations in the two watersheds in streamflow and concentration account for the difference in their total yields of dissolved solids when compared on an equal area basis. These yields amount to 27 metric tons (t)/ km" for Streeter and 69 t/km2 for Marmot annually. The higher water yield for Marmot more than compensates for the lower concentration of dissolved solids.
The net annual dissolved solute yields for two forest and pasture catchments in Wales were reported by Oxley The gross chemical degradation rates in both watersheds were considerably higher than the yields of suspended sediment.
The trend in the hydrologic functioning of the two watersheds is provided by the coefficient a of the model in each case. For each unit (litre/sec) increase of streamflow, the aspen-grassland watershed shows an increase of 22.53 kg/day compared to 10.80 kg/day for the spruce-fir watershed. As indicated by the standard errors of the coefficient, both trends are highly significant.
Preliminary analyses as to the nature of the dissolved solids show that the waters in both watersheds are generally of the calcium-magnesium type. Data analyses in the treatment phase would show the effects of forest clearing on the composition, concentration, and yield of dissolved constituents.
As geologic, topographic, and edaphic features are more or less fixed characteristics of an area, the vegetative factors operative in the two watersheds are the main avenues for exerting any modifying influence. The abundance and type of vegetation influence the rate and type of weathering by determining the extent of rock outcrops and the amount of decaying organic matter from which carbon dioxide and humic acid may be derived (Thombury, 1954) . Water moving through soils dissolves some of this carbon dioxide, and the hydrogen, bicarbonate, and carbonate ions are potent factors in attacking rock minerals (Hem, 1970) . Vegetation also exercises its modifying influence on temperature, which affects the rate of chemical reactions. Large clearcuts could result in increased temperatures and reduced transpiration and interception losses. The increased activity of soil microbes due to higher temperature would favor rapid disappearance of organic fraction and consequent release of nutrients (Fredriksen et al. , 1975) . The increased leaching and higher streamflows due to large clearcuts can thus be expected to increase the export of nutrients and other dissolved constituents from the two watersheds.
Manipulation of vegetation cover in either watershed will affect the nature and yield of total dissolved solids. An increase in the dissolved solids would raise the base line of chemical constituents and decrease the receiving and assimilative capacity of the stream waters (Environmental Protection Agency, 1973) and thus have repercussions on the downstream uses of such waters and on biological communities characteristic of particular habitats. 
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